Abstract Cystic neoplasms of the pancreas (CNPs) are not considered as rare entities any more. Imaging-based population studies attested an overall prevalence of 2 %, but that becomes five times higher on individuals of more than 70 year old. This family of neoplasms includes a wide spectrum of benign, borderline, and malignant lesions whose actual biological behavior has not been completely clarified yet. Moreover, the management of CNPs still represents a challenge for gastrointestinal (GI) specialists. While many CNPs have an indolent behavior that justifies surveillance, others should be resected because of the risk of progression to invasive cancer. Due to the high morbidity related to pancreatic resections, the surgeon should balance very carefully the advantages of a radical resection with the risks of an unrequested dangerous procedure. We reviewed the current issues regarding CNPs, with a particular focus on the clinical and radiological features that are integrated in the current guidelines and that drive the management of these patients.
Introduction
Until the last decade, cystic neoplasms of the pancreas (CNPs) were considered to be a rare entity. Nowadays, these neoplasms are increasingly diagnosed, mainly because of the widespread use of cross-sectional imaging, particularly in asymptomatic patients undergoing radiological studies for non-pancreatic indications. The prevalence of CNPs is approximately 2.6 % [1] and includes a broad spectrum of benign, borderline, and malignant lesions (Appendix). The biological behavior or these lesions is not completely clarified yet. In particular, the debate on the natural history of mucinous neoplasm is still open. This specific cohort encompasses a wide spectrum of neoplasms, all potentially precursors to invasive ductal adenocarcinoma. On the other hand, the indication to resect all these tumors is limited by the morbidity for pancreatic resections. In high-volume centers, morbidity for pancreatic resection has decreased in the last decades; however, it still remains as high as 30 %-50 % [2] and includes long-term sequelae. This evidence has generated controversies about the management of patients diagnosed with cystic lesions of the pancreas, whether a surgical operation should be offered or, alternatively, patients should be enrolled in surveillance protocols with periodic imaging would be the option of choice.
Serous Cystic Neoplasm
Serous cystic neoplasms (SCNs) represent about 10-16 % [3] of all resected cystic tumors of the pancreas. These neoplasms are composed of non-atypical cuboidal, glycogen-rich, epithelial cells that produce a watery fluid. Typically, they do not produce mucin and do not communicate with the pancreatic ductal system. Five macroscopic variants of SCN have been described: microcystic, macrocystic or oligocystic, mixed micro-macrocystic, Von Hippel-Lindau-associated, and solid. The majority of these tumors are benign (serous cystadenomas), with only few case reports of malignant variants (serous cystadenocarcinomas). The mean age of patients diagnosed with a SCN ranges from 52 years [4] to 62 years [3] , depending from the series. Women are more frequently affected with an 8:1 ratio [4] . SCNs can occur in every aspect of the pancreatic gland; however, there seems to be a trend towards a more frequent origin in the head [4] . SCNs are usually asymptomatic and thus incidentally discovered, typically at cross-sectional imaging performed for unrelated complaints. When present, the most common symptoms are not specific, such as abdominal discomfort and mild epigastric pain (47-75 %) [3, 4] . Other symptoms are less frequent and could depend on the lesion location, like jaundice (4 %) [4] , and from the lesion size, like palpable mass or obstruction of the upper gastrointestinal tract (6.8 %) [3, 4] . SCN can be diagnosed by cross-sectional imaging in the vast majority of cases but limitations exist. Magnetic resonance imaging (MRI) plays the major role in the workup of these patients, due to its ability to characterize in details both the pancreatic parenchyma and the ductal system (Fig. 1 ). Due to this reason, it helps to distinguish microcystic SCNs from intraductal tumors of the peripheral branches (BD-IPMNs). The computed tomography (CT) appearance of a SCN depends on the macroscopic features of the tumor. Microcystic serous cystadenoma appears like a "honeycomb" with a typical central calcification named "central scar." However, less common macrocystic variants may be more difficult to differentiate from a mucinous tumor, with several studies having shown that CT is discriminatory in less than half of the cases [5, 6] . When tomographic imaging is not able to provide a proper specific characterization, endoscopic ultrasound (EUS) and cyst fluid aspiration have been recommended as useful diagnostic techniques. EUS is particularly helpful in defining the morphology of the cystic lesion and excluding its connection with the ductal system, while the intra-cystic CEA level (<200 ng/ml) is highly diagnostic in excluding a mucinous neoplasm [7] .
Surgical resection should be offered to patients who are symptomatic and surgically fit as well as every time that the tumor cannot be distinguished from other cystic neoplasms with uncertain biologic behavior. Particular attention should be paid to patients with oligocystic/ macrocystic variant, with a medical history of nonpancreatic malignancies, and for elderly patients because of the faster growth pattern that has been shown in these cases [8] . Once a surgical indication exists, minimally invasive technique should be taken into account, even though SCNs requiring surgery are of giant dimensions in several cases. Tumor size has been historically considered as a criterion for resection, even without the presence of mass-related symptoms; however, this represents now a matter of debate. In a recent series, Tseng et al. [9] suggested a diameter cutoff of 4 cm for operative decision. Conversely, a study from our institution [8] suggested that tumor size at the first observation is not related with the growth pattern and should not be used for decisional purposes. A surveillance protocol with MRI and magnetic resonance cholangio-pancreaticography (MRCP) can be proposed for all patients with well-characterized and asymptomatic SCN. A follow-up time frame of 2 years seems to be appropriate.
Mucinous Cystic Neoplasm
Mucinous cystic neoplasm (MCN) is the second most frequent cystic neoplasm of the pancreas, representing 23 % [2] of all resected pancreatic cysts. MCNs occur almost exclusively in female, such as male cases are reported to be extremely rare [9] [10] . The median age of presentation is reported to be 48 (range 16-82) and tumors are preferentially located in the body/tail of the pancreas [11, 12] . Patients with malignant MCNs are typically older, suggesting a time-related degeneration of the tumor from an initially benign lesion. From the pathological standpoint, MCNs are defined by the presence of mucin-producing neoplastic epithelial cells lining the cyst, and a characteristic "ovarian-type" subepithelial stroma [13] . The epithelial layer can exhibit various degrees of atypia, ranging from adenoma to invasive carcinoma, that frequently coexist in the same lesion. A communication between the cyst and the pancreatic ductal system is not present and this feature is diagnostic in order to differentiate MCNs from intraductal papillary mucinous neoplasms (IPMNs). The clinical presentations of MCNs can be extremely various. Almost half of the patients are asymptomatic and diagnosis is made incidentally. However, when present, the most frequent symptoms are not specific: namely, abdominal discomfort, nausea, and pain [14] . Weight loss and anorexia are considered to be worrisome symptoms, correlating with a higher likelihood of malignancy of the lesion.
Typically, the radiological aspect of MCN is a thick-walled single cyst located in the body or tail of the pancreas, often Fig. 1 Serous cystic neoplasm, head of the pancreas associated with thin septae delimiting the cystic spaces and calcifications (Fig. 2) . The differential diagnosis of small cysts located in the distal pancreas might be difficult. The most challenging one is between MCNs and macrocystic/ oligocystic SCNs, and often the surgical indication is driven by this diagnostic uncertainty. The gold standard to assess the features of MCNs is the CT scan, as the MRI with MRCP fails to detect the calcifications, which could be present and correlate with malignancy [15] . However, MRCP is capable to detect the lack of a communication between the cyst and the ductal system with a higher accuracy, thus an IPMN can be excluded. If a clinical history of pancreatitis is present, a diagnosis of pseudocyst should be excluded, and in this scenario EUS can be beneficial [16, 17] . Large surgical series have shown that the risk of invasive cancer for MCNs is 3.9-11 % and the 5-year disease-specific survival is 100 % and 58-62.5 % for non-invasive and invasive tumors, respectively [11] . In the last decades, when a MCN was suspected, indication to surgery was given by young patients' age because of the risk of progression to pancreatic cancer and by the relatively low morbidity associated to the distal resection of the pancreas [18] . Recently, several studies have shown that a conservative approach could be feasible in selected cases such as small MCNs without solid component in patients with high risk for surgery [12, 14] .
Intraductal Papillary Mucinous Neoplasm
IPMNs have represented the "new kid on the block" of pancreatic cysts. This family of neoplasms was described for the first time by Ohashi [19] in 1982, and until the late 1990s was considered extremely rare. In 1996, IPMN was included in the World Health Organization (WHO) classification (Table 1) [21] . We are nowadays aware that IPMNs are the most frequently detected pancreatic cysts, representing 39 % of the cystic surgical series [8] . Patients undergoing resection are typically in their sixth decade of life [11] with a slightly higher incidence for males. IPMNs can be either sporadic or associated with familial syndromes such as Peutz-Jeghers syndrome (PJS) and familial adenomatous polyposis (FAP). Furthermore, some authors reported a higher incidence of extrapancreatic neoplasm among patients [22] with IPMN. However, a recent study from Verona does not confirm these data [23] .
More than 80 % of IPMNs are detected incidentally in asymptomatic patients, while, when present, symptoms include abdominal pain, weight loss, jaundice, and acute pancreatitis [23] . In two thirds of cases, IPMNs are located in the proximal pancreas, and in 8 % they could be multifocal affecting the entire gland. From the pathological standpoint, IPMNs are defined as "massforming pre-invasive neoplasms growing within the ducts of the pancreas" [24] . The epithelium proliferation, associated with papillary growth, causes an overproduction of mucus resulting in a gross dilatation of pancreatic ducts. In terms of dysplasia, this can be defined into low-, intermediate-, or high-grade. Hence, an invasive component can be present. Neoplastic proliferation can occur in either just the main duct (MD-IPMN) or the side branches of the pancreatic ductal system (BD-IPMN) or a combination of side branches and the main duct (mixed or combined IPMN). Furthermore, different epithelial subtypes have been described according to the histology and mucin immunophenotype, namely, the gastric, intestinal, pancreatobiliary, and oncocytic. These subtypes have been showed to be predictors of disease biology and postoperative outcomes. [18, 25] . According to the guidelines, resection is warranted for MD-IPMN, since these lesions have a high prevalence of high-grade dysplasia/invasive carcinoma and a 5-year survival rate of 31-54 %. Once the main pancreatic duct (MPD) is less than 10 mm in diameter, and neither symptoms nor mural nodules are present, a strict follow-up protocol can be suggested. In partial contrast with these recommendations, a recent study suggested that primary surveillance seems to be feasible in selected patients affected by mixed-type IPMN. In particular, the progression to an invasive carcinoma was described in only 13 % of cases after 4-5 years of follow-up [26, 27] . This evidence pictures how, even if extremely valuable in the clinical practice, the guidelines are not comprehensive and need further validation and modification through large, prospective, cohort studies.
As for BD-IPMNs, the Fukuoka guidelines recommend resection when the so called "high-risk stigmata" (obstructive jaundice, presence of enhancing solid component within cyst, MPD size of ≥10 mm) occur.
As suggested by the guidelines, the first goal in the radiological assessment of IPMNs is to diagnose the main pancreatic duct involvement and the mural nodules presence. In this regard, both CT scan and MRI with MRCP have demonstrated high accuracy (Figs. 3 and 4) ; however, magnetic resonance is more effective in depicting the communication between the IPMN and the ductal system [28, 29] . EUS can be used as a second level examination in patients with "worrisome features" (cyst >3 cm, thickened enhanced cyst walls, MPD size of 5-9 mm, non-enhanced mural nodules, abrupt change in the MPD caliber, and lymphadenopathy) for detecting mural nodules and it allows fluid aspiration and targeted biopsies. Analyses of the CEA and amylase levels as well as cytology of the cyst content are often useful, but fail to discriminate MCN from IPMN.
Solid Pseudopapillary Neoplasm
Solid pseudopapillary neoplasms (SPNs) are so far the less common resected pancreatic cystic tumors, accounting for about 3 % [2] of total. The most common affected individuals are female in young age, between 30 and 40 years old [30] [31] [32] . SPN can be located in any portion of the pancreas and vague abdominal pain is the most common symptom; thus, it is usually related to cyst volume. In the vast majority of cases, SPN is a slowly growing, indolent tumor with a low grade of malignancy. However, metastatic presentation could occur at the time of diagnosis in up to 10-15 % of patients [33] . CT scan allows the diagnosis by demonstrating a vascularized and encapsulated mass with definite margins. Calcifications and septa may be present, but the pathognomonic sign is represented by the alternation of solid and cystic areas (Fig. 5) . A common diagnostic misinterpretation can occur with cystic neuroendocrine tumors, mainly because of the rich vascularization. A positron emission tomography (PET)-CT with Ga 68 could be helpful for the differential diagnosis. Most recent series showed how the prognosis after surgical resection is favorable, even for SPNs with systemic involvement [32] [33] [34] [35] 36] . For this reason, surgery must be considered in all patients, including in the presence of metastases, since longterm survival can be still achieved [36] .
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